Abstract. This work is divided into two different lines of research. The first one is devoted to the gyrokinetic simulations of ITG linear instabilities and ZF-GAM damping in multiple-helicity magnetic field configurations. The multiple helicity terms are required to study inward-shifted scenarios in LHD and are responsible for the improvement of the neoclassical helical ripple transport. It is thought that they also enhance the residual ZF in these inward shifted scenarios, thus reducing also the anomalous transport. These studies are to be the starting point of full non-linear simulations. In the second part, numerical simulations of Electron Bernstein Waves (EBW) are performed in order to justify the experimentally observed increase of the stored energy in the Compact Helical System (CHS) in NIFS, when EC waves are launched into a comparatively over-dense plasma. Calculations of ray-tracing, mode-conversion and power deposition of OXB converted waves are presented.
GYROKINETIC SIMULATIONS WITH MULTIPLE-HELICITY MAGNETIC FIELDS
Experimental results in LHD have shown an improvement of the confinement when the magnetic axis of the configuration is shifted inwards and a deterioration when it is shifted outwards. The inward shifted case is devised to optimise the transport of helically trapped particles. It was observed, however, that the inward-shifted scenario achieved also a reduction of the Anomalous Transport (AT).
Zonal Flows (ZF) are widely accepted to be a source of reduction of anomalous transport and, hence, of enhancement of the confinement when they are not fully damped in the long term. This fact has been theoretically studied in the past for tokamaks [1] and later extended to helical systems [2] . In addition, gyrokinetic simulations in helical systems with single-helicity magnetic fields have also been performed [2, 3] . However, the modelling of the LHD shifted-axis configurations requires the inclusion of multihelicity terms in the magnetic field expansion. The present work is devoted to the linear gyrokinetic Vlasov simulation of ZF and Geodesic Acoustic Mode (GAM) damping in multi-helicity configurations and their comparison with the unstable modes behaviour.
The LHD standard and shifted axis configurations can be modelled by a Fourier expansion of the magnetic field (see Equation (1) ) that includes a toroidal term ε t , a single helicity term ε h and side-band terms ε + and ε − (see Table1) .
Where ε t = r/R << 1 (r: minor radius and R: major radius), θ (ζ ) is the poloidal (toroidal) angle and M (L) is the toroidal (main poloidal) period number of the field. For LHD L = 2 and M = 10.
The multiple-helicity terms, however, also alter the geometric factor G c (see Equation (2)) of the B-curvature drift which affects the stability of the Ion Temperature Gradient (ITG) modes.
Where ε L = ε h , ε L−1 = ε − and ε L+1 = ε + . The magnetic shear is denoted byŝ, q is the safety factor and α = ζ − qθ is the label of the magnetic field line. G c can provide an intuitive picture of how unfavourable is the curvature with respect to the stability of the ITG modes (see ref. [4] ), i.e., G c > 0 is destabilising while G c < 0 is stabilising.
Linear Gyrokinetic Vlasov Simulations have been carried out in a similar way as in [1] and [2] but with the implementation of the multiple helicity terms. In the single helicity case (LHD standard configuration) it can be seen that, on the one hand, G c is mainly positive in average around θ = 0 (where θ evolves along the field line, Fig. 1 top left) , 
but it oscillates between positive and negative values. This suggests that the ITG are weakly destabilised. On the other hand ,the shape of the magnetic field intensity along the filed line (Fig.1 , bottom left) corresponds to a rather high helical ripple transport. In contrast, the inward-shifted configuration shows a highly optimised magnetic field structure to reduce the drift of helically trapped particles ( Fig.1 bottom right) but its effect on the curvature implies that G c > 0 around θ = 0 (Fig.1 top right) , therefore we may expect a greater destabilisation of the ITG modes.
Indeed, in Fig.2 (left) it can be seen that the growth rates corresponding to the inwardshifted axis scenario are greater than the ones for the standard scenario.
For numerical reasons a finite collisionality is needed to run the code. In the cases studied, a finite collisionality of ν = 0.002 has been considered. The collisions term implies that the ZF will gradually tend to 0. Nevertheless, it can be seen that the ZF damping rate is lower for the inward-shifted case (Fig.2 right) . The fact that the ZF decreases more slowly could be the cause of the reduction of the anomalous transport in the inward-shifted scenario. 
Conclusions for Multiple-Helicity Studies
Multiple helicity terms have been implemented in the linear gyrokinetic Vlasov code developed in NIFS. The evolution of the unstable modes has been studied, showing that the inward-shifted case has a more unfavourable magnetic curvature and the unstable modes have a higher growth rate and a smoother profile. The longer lasting ZF may be the cause of the reduction of the anomalous transport and the better confinement observed for the inward-shifted case.
It is also apparent the relationship between lower helical ripple transport and slower ZF damping which would agree with the conjecture that optimising NC ripple transport may help to also optimise anomalous transport.
The results obtained provide a starting point to non-linear calculations required to describe accurately the turbulent transport in these multi-helicity scenarios and may help to elucidate the optimal magnetic geometry for greater improvement of confinement(see Watanabe in these proceedings).
The relevance of the collisionality in the long term damping of the ZF and the GAM remains to be studied in greater detail
SIMULATION OF EBW IN CHS
Recently, experimental studies of EBW have been performed in the CHS device in NIFS. O-polarised waves have been launched into a comparatively over-dense plasma with the goal to achieve heating after conversion of the ordinary mode wave into a EBW. An increase of the plasma stored energy when ECH is switched on is observed for the following parameters [5] : n 0 = 9.6 10 19 m −3 , T 0 = 0.4KeV, f 0 = 54.5GHz, B 0 = 1.9T
The density for this shot would block propagation of the launched O-mode waves, since the corresponding cutoff density is 3.8 10 19 m −3 The present work aims to simulate this experimental scenario to justify the thesis that the increase of stored energy is due to the absorption of EBW mode-converted from the launched O-mode wave (OXB).
EBW simulation
An O-mode wave was launched downwards from above the magnetic axis with an inclination of 9 degrees in the toroidal direction. In this experiment, the plasma was mainly sustained by NBI at 860KW. Following reference [6] the NB driven current profile has been estimated. This profile has been used to calculate a self-consistent VMEC equilibrium (also including bootstrap current) with the total measured current of -2.8kA. The density and temperature profiles are interpolated from the experimental ones. The VMEC equilibrium gives the framework for the evolution of the ray path and the mode conversion, modelled with the ART code [7] . In the vertical cross section in Figure 3 (left) it can be seen the evolution of the ray path. It curves upwards after the mode conversion to X-mode and turns back after the X-B conversion. The OXB conversion can be identified from the evolution of the perpendicular reflective index (Fig.3 right) and the CMA diagram (Fig.4) : The O-mode wave propagates towards the core of the plasma. Near the O-cutoff region it converts to X-mode (Nperp goes to 0). After that, the X-mode wave propagates back towards the lower density region until it reaches the Upper Hybrid Layer. In the UHL the X-mode is transformed into a EBW (the Nperp increases drastically in a vertical line). Finally, the B-mode wave propagates again toward the high density region and through the O-cutoff until it is finally fully absorbed.
Conclusions for EBW simulations
Numerical simulations of the OXB experimental results in CHS have been carried out by means of the bundle of codes COBE [8] . A bootstrap current (BC) + NB current drive (NBCD) consistent equilibrium has been calculated for this scenario.
The resulting equilibrium has been utilised in the ART code to simulate the propagation, mode conversion and power deposition of OXB converted waves.
The clear Bernstein wave behaviour of this experiment has been demonstrated along with the absorption of the wave power beyond the O-cutoff. This agrees with the experimental observation of an increase in the stored energy.
Future work includes a more detailed study of the different currents involved, i.e. BC, NBCD and also the possible generation of EB driven current (EBCD). The EBCD simulations will be carried out with a new version of the JALON module [9] implemented in the ART code that has been adapted to this purpose. 
